Biological risk factors during intra-uterine life, delivery and the neonatal period, and measures of social adversity during pregnancy, were studied as predictors of a 'mildly impaired' (50 to 74) or 'borderline' (75 to 84) score on the Peabody Picture Vocabulary Test (PPVT) at aged five years in 3906 children. Biological risk factors in pregnancy were associated with neither PPVT outcome. Gestation of < 36 weeks, > 3 minutes to establishment of respiration and admission to intensive care were associated with a lower PPVT score indicating mild impairment, though only in the unadjusted analyses. A five minute Apgar score of < 5 and male sex were related to borderline scores, though only the latter remained significant after statistical allowance for possible confounding. In contrast, almost all measures of social adversity were related to both PPVT outcomes even after statistical adjustment for the influence of other factors.
There has been much controversy about the relative contribution of adverse biological and environmental factors to the aetiology of mild mental retardation in children (McLaren and Bryson 1987) . Pasamanick and Knobloch (1961) proposed that while more severe brain injury leads to major neurological impairment, less severe injury produces subtle dysfunctions of development, intellect, learning and behaviour. However, a number of large longitudinal studies have found that, in the absence of clinically apparent neurological disturbance in an infant, limited relationships exist between perinatal hazards and later development. These findings have generally supported the conclusions of Sameroff and Chandler (1985) that social disadvantage and psychological factors are the major determinants of development in children.
More recently a number of authors have suggested that a significant proportion of mild intellectual impairment does have a pathological basis (Hagberg et al. 198la, Akesson 1986 , Gillerot et al.1989 , Wellesley et at. 1991 , Schaefer and Bodensteiner 1992 . Studies of highrisk populations using newer brain-imaging techniques have been an important factor in this renewal of interest (Gordon 1991) . Abnormal neonatal ultrasound findings (Tudehope et al. 1989 ) and cumulative perinatal risk scores (Schemer and Sexton 1991) have a considerable capacity to •predict later development: in selected high-risk groups of children. A variety of structural abnormalities have been reported in the brains of people with disorders of development (Jernigan et al. 1991 , Galaburda 1992 , suggesting atypical cerebral lateralisation arising during intra-uterine brain development. More recent epidemiological studies of mild mental retardation have suggested that biological aetiologies have an important role, and that the prevalence of mild mental retardation is lower than the 2 to 3 per cent suggested from the normal distribution (Blomquist et at. 1981; Hagberg et al. 1981a, b; Wellesley et at. 1991) . While acknowledging the importance of psychological factors, Gillberg (1992) has suggested that prenatal, perinatal and postnatal brain damage may play a causative role in approximately one-third of children with mild intellectual impairment. Language comprehension is highly correlated with intelligence (Dunn and Dunn 1981) , with comprehension being the best single predictor of school performance.
The aim of this study was to compare the effect of selected biological risk factors during pregnancy, delivery and the perinatal period, and measures of social disadvantage during pregnancy, on sub-sequent impairment of language comprehension in children at five years. Our hypothesis was that adverse environmental factors would be more strongly associated with borderline levels of impairment of language comprehension, while biological risk factors would be associated with more definite impairments of language comprehension. The ability to predict such impairments of later language may have important implications for preventive strategies. Between 1981 and , women attending their first antenatal session at the Mater Mothers Hospital, Brisbane, were enrolled in a prospective study of pregnancy (Keeping et al. 1989 ). Subsequently there were 7785 singleton deliveries. After excluding those who were stillborn, those who died in the neonatal period or in infancy, children who were adopted, and the children of 270 mothers who refused to participate in the study, 7357 children remained in the cohort for consideration.
Method

SUBJECTS
Detailed information was collected at enrolment, shortly after birth and six months after delivery, about the lifestyle and psychological characteristics of the mother, social characteristics of the family and biological measures of the pregnancy, birth and delivery. At five years these social and psychological measures were repeated and information was obtained on the child's health, development and behaviour. A total of 5627 mothers were contacted at five years, though only 4019 children were seen for clinical assessment and administration of the Peabody Picture Vocabulary Test (PPVT). The major reason why fewer children completed the PPVT was because there were insufficient funds towards the latter part of the study for individual assessment of the child, though questionnaires continued to be sent to mothers. Overall, children not seen at five years were more likely to be preterm or of lower birthweight, while their mothers were likely to be younger, single and less well educated (Bor et al. 1993) .
PREDICTOR VARIABLES
There were three types of biological predictor variables: antenatal (number of previous miscarriages, number of antenatal admissions, pre-eclampsia, and bleeding during pregnancy); perinatal (weeks of gestation at delivery, small for gestational age [SGAI status, sex, presentation at delivery, and method of delivery); and neonatal (time to establish respiration, Apgar score at five minutes, and number of days spent in intensive care).
Sociodemographic predictor variables were as follows: maternal age, education and racial origin, language background and duration of maternal residence in Australia, marital status, number of previous livebirths, receipt of welfare benefits, and family income.
The children's age at follow-up ranged from four to six years, and though this was not related directly to any study outcome, it was included in the multivariate analysis.
OUTCOME
The PPVT is a well-standardised and widely accepted measure of receptive language vocabulary that correlates well with intellectual abilities (Dunn and Dunn 1981) . We excluded children with a PPVT score of less than 50, with cerebral palsy or another serious neurological disorder, or if information on predictor variables was incomplete. A total of 3906 children remained in the analysis, and they are the subject of this paper. There were 2048 boys and 1858 girls. PPVT scores in the ranges 50 to 74 (N=128) and 75 to 84 (N=361) were chosen to approximate the range of mild and borderline mental impairment, respectively, while allowing sufficient numbers of children in the lower range for multivariate analysis. The percentage of children with a PPVT score in this mild or borderline range was calculated for each predictor variable. Statistically significant differences were determined using x2 and the odds ratio (OR) was used as a measure of risk. Children with borderline impairment (PPVT 75 to 84) were compared with children with normal PPVT scores (>84), while the group with mild impairment (PPVT 50 to 74) were compared with children with a PPVT score >74, i.e. borderline plus normal groups. Adjusted estimates of risk for low PPVT score were obtained using logistic regression. Statistical calculations were performed using the SAS and EGRET packages (SAS Institute 1985, Statistical and Epidemiology Research Corporation 1990) .
Results
Biological risk factors for the pregnancy, birth and neonatal period are shown in Table I , together with the proportion of children for each factor who scored within a mild or borderline range on the PPVT. Table I also shows the relative risk for low PPVT score associated with each risk factor (expressed as an OR), and the level of statistical significance for the overall relationship.
None of the four antenatal factors was significantly related to either PPVT measure, and no p value approached statistical significance. Of the five factors at birth, only gestation and sex of the child were related to later outcome. Gestation was significantly related to mild PPVT impairment (p=0.002), with children below 36 weeks of gestation being about 2.5 times more likely than children born at 40 weeks to have a PPVT score in the mildly impaired range. However, no relationship was observed between gestation and borderline PPVT scores. Male sex was associated with an increased risk of borderline PPVT scores (11 per cent vs 8 per cent, p=0.002), though not with mildly abnormal PPVT scores.
Of the three neonatal factors, time to establish respirations (p=0.03) and number of days spent in intensive care (p=0.0l) were both significantly related to mild impairment of PPVT, though not to borderline PPVT scores. Children taking more than three minutes to establish spontaneous respirations were about 2.6 times more likely to have a mildly impaired PPVT score. The relationship between time spent in intensive care and PPVT score was predominantly due to a small number of children who spent seven days or more in intensive care. The only neonatal factor with a statistically significant relationship with borderline PPVT scores was the Apgar score at five minutes (p=0.03). Children with five-minute Apgar scores of 5 or less were 1.9 times more likely to have a borderline PPVT score.
The eight sociodemographic predictors, the percentage of children with each factor who had a mildly impaired or borderline ppvi score, and the associated odds ratio and p values, are all shown in Table II. Maternal education, receipt of welfare benefits and low family income were related to both mildly impaired and borderline PPVT groups. Maternal age below 20 years was associated with an increased risk of borderline PPVT score (OR=i .8, p=0.00l), and three or more livebirths was associated with mildly abnormal PPVT score (OR=l.8,p=0.02). Children of Asian origin and children of non-English-speaking parents resident in Australia for less than 10 years were significantly more likely to have a PPVT score that was mildly abnormal. Children of Maori/Islander or Aboriginal background were more likely to have PPVT scores in the borderline range, though actual numbers were relatively small. Marital status of the mother was unrelated to mildly abnormal or borderline PPVT scores.
To determine the independent association of each of the biological and sociodemographic factors with risk of mildly abnormal or borderline PPVT score, all biological and social factors were included in two logistic regression models. Tables III and IV show the ORS and 95 per cent confidence intervals (95% CI) for the biological and the sociodemographic predictors, respectively.
Apart from the child's sex, no pregnancy, birth or neonatal biological predictor was significantly associated with either PPVT measure in this adjusted analysis. Female sex was associated with a lower prevalence of borderline (adjusted OR 0.7, 95% ci 0.5 to 0.8), though not mild impairment of PPVT score. Maternal age and education, number of previous livebirths and low family income were significantly associated with both PPVT outcome measures in the adjusted analysis (Table V) . Receipt of welfare benefits was associated with a mildly abnormal PPVT score (adjusted OR=l.9, 95% Ci 1.1 to 3.0), though not a borderline PPVT score. Non-English-speaking background with residence in Australia for less than 10 years remained significantly associated with mildly abnormal PPVT score (adjusted OR=5.5, 95% ci 2.7 to 11.1).
Discussion
This study has examined the relative predictive importance of adverse biological events and social disadvantage in children with mildly abnormal or borderline language comprehension. The results indicated that social disadvantage was strongly associated with both mildly abnormal and borderline language comprehension, while measures of biological risk were of limited importance in both PPVT groups.
Major neurological disorders such as cerebral palsy, mental retardation and autism, as well as less severe disabilities such as language disorders, frequently have their origin in the intrauterine period (Nelson and Ellenberg 1986, Taylor 1988) . Markers for adverse intrauterine events in this study included number of antenatal admissions during the pregnancy, presence of pre-eclampsia and bleeding during any stage of the pregnancy. The number of previous miscarriages is included as a marker of adverse maternal reproductive history, and this and other markers of poor reproductive performance have been associated with increased risk of subsequent cerebral palsy (Stanley 1984) . None of these common and readily measurable risk factors, however, were associated with either PPVT measure in the unadjusted or adjusted analysis. Frequent alcohol ingestion did not result in an increased proportion of children with lower PPVT scores, apart from in a small number of women who had frequent binges. Cigarette smoking was not significantly related to lower PPVT score. While it is possible that other physiological, biochemical, genetic and imaging assessments of fetal well being during pregnancy may provide a different result, the standard epidemiological markers used in this study were not related to later language impairment.
Perinatal predictors associated with adverse developmental outcome include preterm birth arid whether or not the child is small for gestational age (Viflar et al. 1984 , Casaer ci a!. 1991 . In our study, gestation below 36 weeks was associated with an increased risk of mildly abnormal PPVT score in the unadjusted analysis, though this association was neither strong nor statistically significant in the adjusted analysis. Children who were SGA were also found not to be at increased risk of a lower PPVT score. In this study, SGA status included children below the 10th centile for weight, and it is possible that inclusion of normal infants of lower birthweight may have weakened any association between SGA status and developmental outcome.
TABLE IV: Adjusted odds ratio for socio-demographic predictors of later mild and borderline impairment of PPVT score
Hypoxic-ischaemic brain injury during delivery is uncommon and sequelae are unlikely in the absence of clinical evidence of moderate or severe encephalopathy requiring admission to intensive care (Blair and Stanley 1988) . Time to establish spontaneous respiration at birth and admission to intensive care for more than seven days were associated with a mildly abnormal PPVT score in the unadjusted (though not the adjusted) analysis. Hagberg et al. (1981b) , in a community study of mild mental retardation, reported that hypoxic-ischaemic brain injury accounts for approximately 1 8 per cent of cases. Lamont and Dennis (1988) identified perinatal difficulties in 41 of 169 children with mild or borderline intellectual impairment attending special schools. Though in the unadjusted analysis there was support for perinatal hypoxic-ischacmic injury affecting the PPVT scores on a small number of children, there was no support for this as a significant cause of low PPVT scores in the adjusted analysis.
In this study, boys were more likely than girls to have a PPVT score in the borderline range, but not the mildly abnormal range.. Males predominate in the majority of studies of individuals with mild mental retardation. Certain genetic conditions, particularly x-li nked mental retardation, have an increased prevalence in males (Schaefer and Bodensteiner 1992) . Though chromosomal analysis and clinical diagnosis were not performed on children in this epidemiological study, any male predominance due to these genetic conditions should have been apparent in the group of children with mildly abnormal PPVT scores, as this range approximates that of mild intellectual impairment. The increased prevalence of males among children with a borderline PPVT score was consistent with a relative biological and environmental vulnerability of males to developmental disorder.
This study supports the strong associations between social and environmental disadvantage and development in childreri (Broman 1984 , Werner 1985 . Many complementary (though independent) measures of adversity may co-exist in individual children and families. In the adjusted analysis, mothers of children with borderline PPVT scores were more likely to be younger, less well educated, poorer, and to have had two or more previous livebirths. The risk of mild impairment of PPVT scores was lower for older, well educated mothers, though it was increased in association with poverty, three or more previous livebirths and for mothers of non-English-speaking background who had been resident in Australia for less than 10 years. Level of maternal education was confirmed in this study as a powerful predictor of child development. The extent to which this reflects aspects of parenting and stimulation in the environment or genetic factors is uncertain. Experience with early intervention suggests that such efforts can result in enhanced development of children, particularly in children whose mothers had a lower level of education or were otherwise disadvantaged (Parry 1992) . Low family income has previously been shown in this current cohort of children to be associated with an increased likelihood of children failing the Denver Developmental Screening Test (Najman et at. 1992) and to be associated with an increased prevalence of child behavioural disorder (Bor et al. 1995) . Receipt of welfare benefits is a further general indicator of social disadvantage. Younger mothers were more likely to have children with borderline PPVT scores, while older mothers in this study had a lower risk of either a mildly or borderline abnormal PPVT result. Number of livebirths is an indicator of family size, though both this factor and maternal age are also linked to an increase in obstetric risk (Hobel et at. 1973) . Family size has been identified in many studies as associated with increased risk of more adverse developmental outcome (Broman 1984 , Werner 1985 . The PPVT is a test of English language proficiency, and performance on it would be adversely affected by knowledge and competence in English. This is the most likely explanation for the association between low PPVT scores, racial origin and residence in Australia for less than 10 years.
The findings of this study indicate a strong association between social disadvantage and poor performance on either ppvr measure, with biological adversity being only weakly associated with outcome. However, this study had several limitations. Only one developmental out-come was considered, and it is possible that markers of biological risk may be more strongly associated with other aspects of a child's development. Several of the markers that were studied were indicators of both biological and social risk. As previously described, this was an epidemiological study and did not involve clinical diagnosis to determine the aetiology of any impairment in language comprehension. The loss to follow-up was substantial and selective, though this is a difficulty in most large longitudinal studies. It would only bias the findings if the relationship between predictor variables and PPVT scores differed in the children who were not assessed. Our own experience and that of similar studies (Cordray and Polk 1983) suggest that if a bias were present, this would lead to our findings being an underestimate of the true effect.
Despite these limitations, this was a prospective study involving a large number of children, and the strength of the findings and their consistency with other studies make it likely that social disadvantage is causally related to children's language understanding. This study highlights the need in obstetric hospitals to identify and support mothers in disadvantaged circumstances and to ensure links with local community, health and support programmes.
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